Introduction
In the past few decades, the issue of managing real exchange rate (RER) has attracted considerable attention from academics and policy makers in both developed and developing countries. Indeed, a stable RER is a key factor in improving the trade sector, and in enhancing overall economic performance. On the other hand, RER misalignment has been considered as the main cause of economic instability and the dismal economic performance of numerous countries and regions. In the literature, an exchange rate is described as overvalued or undervalued when it appreciates over or depreciates under its equilibrium level -both situations refer to a misalignment. Exchange rate overvaluation can damage the potential economic growth of a country through foreign currency shortage, large current account deficits and frequent macroeconomic cycles (Rodrik, 2008) . Exchange rate devaluation, on the other hand, distorts price signals and negatively affects the aggregate demand by raising the cost of imported goods and deterring both domestic and foreign investment (Bruno, 1979; Branson, 1986; Bahmani-Oskooee & Miteza, 2003) .
exports sector and the flow of foreign private capital into Sudan. Numerous factors have been identified as causing Sudan's unfavourable economic performance, yet the impact of real exchange rate misalignment has not received adequate attention in the Sudanese literature. Moreover, the condition of the Sudanese economy after the secession of South Sudan and the loss of most of its oil resources, has rendered exchange rate stability an urgent strategy when it comes to enhancing export performance. 1 Therefore, investigating exchange rate misalignment would be vital in the formulation of an appropriate exchange rate policy that fosters growth and export performance in Sudan.
1 7 8 Based on the above, many questions could be raised in this study, including: What are the determinants of the equilibrium real exchange rate in Sudan? Has Sudan's economy suffered from exchange rate misalignment during the period under consideration? If so, what it is impact on the country's economic performance? Thus, the main objective of this study is twofold: 1) to investigate the presence of exchange rate misalignment in Sudan over the period 1979-2009; 2) to examine the impact of RER misalignment on economic growth and export performance. 1 7 9 The importance and contribution of this article is to fill a gap in the Sudanese literature by identifying the short and long-run determinants of equilibrium exchange rate. The study also contributes to the empirical literature on the impact of RER misalignment on economic performance in Sudan, since there is a dearth of empirical studies on this issue. Most previous studies (e.g., Abdallah, 2009) focus only on measuring exchange rate misalignment and do not examine its impact on economic growth and export performance. The study by Elbadawi et al. (2012) does examine the effect of RER misalignment using Sudanese data in a cross-country framework, but this study uses single-country data.
1 8 0 The remainder of this article is organised as follows: The next section discusses exchange rate policies in Sudan. Section three reviews the empirical literature on the relationship between RER misalignment and economic performance. While section four outlines the research methodology, section five presents the empirical results. Finally, section six ends with a conclusion and policy recommendations.
2
Exchange rate policy in Sudan: Some stylised facts
During the past five decades, Sudan has adopted numerous exchange rate policies, including fixed, floating and dual exchange rate regimes. For instance, from , the exchange rate was pegged at a fixed rate of approximately one Sudanese pound to 2.85 US dollars. In September 1979, the government shifted from the fixed regime to a floating exchange rate system, with the support of the International
Monetary Fund and the World Bank's structural adjustment programme (Ebaidalla, 2014) . As a result, the Sudanese pound underwent a significant devaluation, to the rate of one US dollar to 0.35 Sudanese pounds. The main goal of this policy was to reduce external imbalances by increasing the volume of exports and attracting private international capital, such as the remittances of Sudanese nationals working abroad (SNWA).
2 1 8 1 Throughout the 1980s, the exchange rate in Sudan experienced a series of devaluations, owing to economic and political instability. Notably, during the 1980s the country was subject to many factors affecting its economic performance, such as drought and famine (1984) (1985) and the eruption of the second civil war (1983) . The country therefore suffered from a severe lack of foreign reserves and relied mainly on foreign aid to finance development projects. As such, in 1985 the exchange rate was devalued by 48 per cent, with the official rate set at LS2.5/US$ and the parallel at LS3.3/US$. By the end of 1980s the black market was active, and speculation on foreign currency and non-tradable goods were the dominant activities, thereby causing the black market exchange rate to be set at more than LS20/US$ in late 1989 (Central Bank of Sudan, 2009 ).
1 8 2 In the early 1990s, the economy witnessed several transformations, notably the transition from the state-controlled policies that characterised the 1970s and 1980s, to free market polices (Ebaidalla, 2014) . During this time, the exchange rate received great attention from government, because it was believed to be a core factor affecting economic instability. At the start of the economic recovery programme of 1990, the black market exchange was prohibited and was considered an illegal practice; the government imposed strict punishments on illegitimate exchange dealers. Thus, all foreign exchange transactions were confined to licenced commercial banks. Yet despite these measures, the exchange rate was higher in the early 1990s than in the 1980s. As a part of the economic liberalisation policies, in 1992 the government unified the exchange rate market. Nevertheless, due to the drastic depreciation of the local currency and the subsequent increase in the inflation rate, the floating system was abandoned in October 1993 and replaced by the dual exchange system. The formal rate was set at LS215/US$, while the parallel was set at LS300/US$. Thereafter, the exchange rate underwent continuous devaluations as set by the Bank of Sudan at LS300/$ and LS430/$ in 1994 and 1995, respectively. 1 8 3 In the latter 1990s, the exchange stabilised owing to the flow of foreign direct investment (FDI) and the commercial exploitation of oil in 1999. Notably, the flow of oil revenues brought to the economy a huge amount of foreign reserves. As a result, the exchange rate underwent substantial stability with a limit rate at LS 2650-2600 per dollar during [2000] [2001] [2002] [2003] . It is worth mentioning that oil exports in the early 2000s became the major source of foreign exchange and accounted for around 85 per 2 In the early 1970s Sudan was considered a major labour-exporting country in the Arab region, with SNWA's remittances accounting for more than three times the foreign exchange earnings from exports (Elbadawi, 1994) .
cent of the total value of exports. Accordingly, during this period the Central Bank of Sudan adopted a managed floating exchange regime.
1 8 4 From 2008-2010 the exchange rate saw many fluctuations, owing to the reduction in oil prices due to the global economic crisis. The decline in the inflow of foreign currency that followed led to another split in the exchange markets, into official and black. Recently, in the aftermath of the secession of South Sudan in July 2011, Sudan has suffered numerous economic challenges due to the sudden lack of oil revenues. As a result, the exchange rate depreciated rapidly, leading to increase in the black market premium. In response, in June 2012 the government adopted a new exchange rate measure which devalued the currency to the rate of SDG4.42/US$ 3 (Ebaidalla, 2014) . Overall, the exchange rate in Sudan has seen a continuous devaluation since 1979, particularly in the period preceding the exploitation of oil reserves. Figure 1 reveals that the nominal exchange rate reported a positive trend with a slight increase during 1979-1991, but did not exceed LS500/US$. With the economic liberalisation policies of 1992-1996, the exchange rate depreciated dramatically to about LS2000/ US$ in 1997. However, during the period of the managed floating exchange rate regime and oil exploitation (1997) (1998) (1999) (2000) (2001) (2002) (2003) (2004) (2005) (2006) (2007) , the exchange rate was stable at the rate of 2.5SDG/US$ on average, before subsequently decreasing to about SDG2/US$ in 2008. Real exchange rate misalignment and economic performance in Sudan
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Literature review
Motivated by the negative impact of exchange rate misalignment on economic outcomes in recent decades, a huge body of literature has sought to examine the relationship between RER misalignment and economic performance. Most empirical studies suggest that misaligned RER has had an adverse effect on economic indicators, such as economic growth and export performance (e.g., Cottani et al., 1990; Ghura & Grennes, 1993; Razin & Collins, 1997; Domaç & Shabsigh, 1999) .
1 8 5 Ghura and Grennes (1993) are amongst those who employed the PPP model to study the relationship between RER and economic performance for a sample of 33 countries in sub-Saharan Africa. Using three measures of RER misalignment (PPPbased, black market-based and endogenous growth model-based), the authors found a negative relationship between RER misalignment and economic performance. They argue that the chronic RER misalignment was the main source of slow growth in Africa.
1 8 6 In their influential paper, Razin and Collins (1997) analysed the relationship between exchange rate misalignment and economic growth for a sample of 93 countries over the period [1975] [1976] [1977] [1978] [1979] [1980] [1981] [1982] [1983] [1984] [1985] [1986] [1987] [1988] [1989] [1990] [1991] [1992] . Their main contribution is that they developed and adopted an RER misalignment indicator based on an IS-LM model of an open economy. Razin and Collins found that exchange rate misalignment is negatively associated with economic growth, and concluded that very high overvaluation has a negative and significant impact on economic growth, while undervaluation has no significant effect. 1 8 7 In the same vein, Aguirre and Calderon (2006) examined the growth effects of RER misalignment in 60 countries during . Using a single equation model estimated by dynamic panel data techniques, the authors point out that RER misalignment has an adverse impact on economic growth. Moreover, they examined the growth impact of undervaluation and overvaluation, and found that both large over-and undervaluation negatively affect growth in developing countries, while a moderate level of undervaluation in the exchange rate boosts economic growth 1 8 8 Rodrik (2008) examined the impact of RER misalignment on growth for a sample of 184 countries using annual data for . He developed an index to measure the level of RER undervaluation based on the Balassa-Samuelson model using real per capita gross domestic product (GDP) data. Rodrik found that countries with more undervalued RERs achieved higher growth rates than those with overvaluation growth rates, implying that an overvalued RER negatively affects growth, while an undervalued exchange rate stimulates growth. Rodrik also noted that the magnitude and statistical significance of the estimated coefficient for RER undervaluation is higher for developing countries, because they are often characterised by institutional fragility and market failure. 1 8 9 Berg and Miao (2010) used a fundamental equilibrium exchange rate model (FEER) to compare Rodrik' (2008) results with what they call the Washington Consensus (WC) view. Their findings suggested that WC and Rodrick's views are observationally equivalent for main growth regressions, but there are some identification problems since the determinants of RER misalignments are also likely to be independent variables in the growth regression model. However, their empirical findings support the view of Rodrik (2008) , in the sense that undervaluation promotes long-run growth while overvaluation has the opposite effect -a result that it is not consistent with the WC viewpoint. 1 9 0 Recently, Elbadawi et al. (2012) evaluated the relationship between RER misalignment and economic performance measures, focusing on economic growth, export diversification and sophistication for a sample of 83 countries. They found that countries that have experienced some growth associated with a measure of export diversification were also likely to have avoided disequilibrium RER overvaluation. They also point out that not only is overvaluation bad for growth and export diversification, but undervaluation is good for both. Interestingly, their findings indicate that Sudan is among the group of SSA countries that has seen some increasing overvaluation in the latter 1990s and early 2000s.
1 9 1 The above discussion has revealed that exchange rate misalignment has a negative impact on economic performance. Yet despite extensive literature on the effect of exchange rate misalignment, there is a dearth of studies on the issue in African countries in general, and Sudan in particular. In addition, most existing studies employ cross-country data, while this study concentrates on single-country data. This study therefore contributes to the empirical literature on the issue.
Methodology
To investigate the impact of RER misalignment on economic performance in Sudan, the analysis proceeds in two steps: 1) we measure the exchange rate misalignment, and then 2) assess its impact on economic growth and export performance. Therefore, this section is organised into two sub-sections: the first section outlines the measurement of the exchange rate misalignment, while the second discusses the data and methodology.
Measuring RER misalignment
RER misalignment refers to a deviation of the actual RER from its long-run sustainable equilibrium path. Measuring RER misalignment has become a controversial issue in recent economic-related literature. However, two common methods have been widely used to measure exchange rate misalignment: purchasing power parity (PPP) estimates and the single equation-reduced form model. 1 9 2 According to the PPP method, RER misalignment refers to a deviation of the RER with respect to parity in some determined level of equilibrium exchange. The PPP approach basically relies on the Law of One Price (LOP), which states that when measured in a common currency, freely traded commodities should cost the same everywhere under perfectly competitive market conditions (i.e., zero transaction costs, no tax, homogeneous goods and complete certainty). In the literature, a large number of studies interrogate the PPP approach (see, e.g., Edwards, 1988; Taylor, 1988; Cottani et al. 1990; Chinn, 2006) . 42 
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Real exchange rate misalignment and economic performance in Sudan 1 9 3 Despite the simplicity of the PPP approach, the main shortcoming of the method is that it chooses a single equilibrium rate for all periods and only accounts for the monetary sources of exchange rate fluctuations, without capturing the exchange rate fluctuations attributed to real factors (Aguirre & Calderon, 2006) . Accordingly, over the past two decades, most empirical works on this issue have used single equation models which are a reduced form of the equilibrium RER, derived from a wide variety of theoretical models usually relating the RER to a group of variables known as fundamentals. These fundamentals include variables such as productivity differentials, net foreign assets, terms of trade, trade openness, government consumption and trade policy. Thus, misalignments occur when RER deviates from its equilibrium path, which interprets the misalignments as being the result of inadequate macroeconomic, trade and exchange rate policies. The advantage of the single equation model is it uses time series techniques to estimate the equilibrium RER equation from the fundamentals. Moreover, the single equation approach requires fewer time series and allows for changes in the equilibrium exchange rate over time. Therefore, this study uses the single equation approach to measure RER misalignment and examine its impact on economic performance in Sudan.
Estimation methodology and data
To compute the RER misalignment, the study follows the single equation approach, employing the modified version of Baffes et al. (1997) and Elbadawi et al. (2012) . Since RER misalignment is a deviation of the actual RER from its equilibrium level of RER, we compute equilibrium RER by estimating empirically a long-run RER equation. The single equation model that links RER to a set of fundamentals could be specified as follows:
This equation states that RER is explained by the terms of trade (TOT); trade openness (OPN); productivity (PROD); 4 government expenditure (GOV); taxes on non-tradable goods (TAX) and the net foreign income (NFI). All the variables are expressed in logarithm form, except for the NFI because it bears negative values in some years. Since the main objective of this article is to identify the short-and long-run determinants of equilibrium RER, the above model will be estimated employing the cointegration and Error Correction Model (ECM). The former is used to examine the long-run equilibrium relationship between the variables, while the latter approach captures the short-run dynamic. the equilibrium RER, derived from a wide variety of theoretical models usually relating the RER to a group of variables known as fundamentals. These fundamentals include variables such as productivity differentials, net foreign assets, terms of trade, trade openness, government consumption and trade policy. Thus, misalignments occur when RER deviates from its equilibrium path, which interprets the misalignments as being the result of inadequate macroeconomic, trade and exchange rate policies. The advantage of the single equation model is it uses time series techniques to estimate the equilibrium RER equation from the fundamentals. Moreover, the single equation approach requires fewer time series and allows for changes in the equilibrium exchange rate over time. Therefore, this study uses the single equation approach to measure RER misalignment and examine its impact on economic performance in Sudan.
This equation states that RER is explained by the terms of trade (TOT); trade openness (OPN); productivity (PROD); 4 government expenditure (GOV); taxes on non-tradable goods (TAX) and the net foreign income (NFI). All the variables are expressed in logarithm form, except for the NFI because it bears negative values in some years. Since the main objective of here is to identify the short-and long-run determinants of equilibrium RER, the above model will be estimated employing the cointegration and Error Correction Model (ECM). The former is used to examine the long-run equilibrium relationship between the variables, while the latter approach captures the short-run dynamic.
According to economic theory, the above model postulates that the equilibrium RER will <be appreciated> <appreciate, i.e. grow?> with higher terms of trade ( 2 < 0), less trade openness ( 3 > 0), higher levels of productivity in the tradable goods sector relative to 1 9 4 According to economic theory, the above model postulates that the equilibrium RER will be appreciated with higher terms of trade, less trade openness, higher levels of productivity in the tradable goods sector relative to the non-tradable goods sector, more government expenditure, higher taxes on non-tradable goods and larger NFI .
1 9 5 After estimating equation (1) and determining the short-and long-run determinants of RER, the RER misalignment is obtained by subtracting the equilibrium from the actual exchange rate. That is, the equilibrium RER is derived from the multiplication of the long-run estimated coefficients in equation (1) by the permanent values of the RER fundamentals. The actual fundamental variables will not be chosen because they may exhibit a substantial degree of short-term 'noise', whereas the long-run equilibrium RER would not do so (Baffes et al., 1997) . Therefore, the analysis will use the Hodrick-Prescott (HP) filter to smooth out the estimated equilibrium RER.
5
As such, the HP filter allows us to obtain the 'long-run', 'permanent' or 'sustainable' values of the economic fundamentals by decomposing the time series into a trend and stationary component. Hence, the equilibrium RER equation can be depicted via the following model:
………………………………………………….
Where.......is the equilibrium exchange rate,.....is the vector of permanent or sustainable values of fundamentals obtained using the HP filter, and......is the vector of long-run parameters of equation (1). Therefore, the RER misalignment (EMIS series) will be obtained as the percentage difference between the actual RER and equilibrium RERs, as follows:
After measuring the RER misalignment indicator, we investigate the impact of misaligned RER on economic performance through assessing its effect on economic growth and export performance. First, we examine the relationship between RER misalignment and growth; this is because arguably a sound exchange rate policy is a crucial condition for improving economic growth in a developing country (Easterly, 2005; Rodrik, 2008) . Therefore, the constructed EMIS series will be added to the right-hand side of the growth model beside other major factors affecting growth, as expressed in equation (4): 5 Moving average employed to remove short-run fluctuation in the data requires a longer time series. But this approach is not possible in a country like Sudan, where all data are non-stationary and span a short period.
the non-tradable goods sector ( 4 < 0), less government expenditure ( 5 < 0), higher taxes on non-tradable goods ( 6 < 0) and larger NFI ( 7 < 0).
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Where * is the equilibrium exchange rate, is the vector of permanent or sustainable values of fundamentals obtained using the HP filter, and β � is the vector of long-run parameters of equation (1). Therefore, the RER misalignment (EMIS series) will be obtained as the percentage difference between the actual RER and equilibrium RERs, as follows:
After measuring the RER misalignment indicator, we investigate the impact of misaligned RER on economic performance through assessing its effect on economic growth and export performance. First, we examine the relationship between RER misalignment and growth; this is because arguably a sound exchange rate policy is a crucial condition for improving economic growth in a developing country (Easterly, 2005; Rodrik, 2008) . Therefore, the constructed EMIS series will be added to the right-hand side of the growth model beside other major factors affecting growth, as expressed in equation (4):
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5 Moving average employed to remove short-run fluctuation in the data requires a longer time series. But this approach is not possible in a country like Sudan, where all data are non-stationary and span a short period.
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the non-tradable goods sector ( 4 < 0), less govern on non-tradable goods ( 6 < 0) and larger NFI ( 7 After estimating equation (1) and determining RER, the RER misalignment is obtained by subt exchange rate. That is, the equilibrium RER is derive estimated coefficients in equation (1) by the perman actual fundamental variables will not be chosen beca of short-term 'noise', whereas the long-run equilibr 1997). Therefore, the analysis will use the Hodric estimated equilibrium RER. Real exchange rate misalignment and economic performance in Sudan where GDP is the real per capita GDP growth at time t. The explanatory variables are chosen based on the new classical growth model type proposed by Barro and Lee (1994) , in which regressors include indicators for the initial conditions, the external environment and the macroeconomic policy. Accordingly, the explanatory variables are as follows: Government consumption (GOV); trade openness (OPN); domestic investment (INV); education attainment (EDU) to capture human capital investment; population growth (POP); and finally RER misalignment (EMIS) is included to capture the effect of exchange rate policy on economic growth performance. The growth model will be estimated using cointegration and the error correction model over the period . The model will also be tested for endogeneity problems using the Durbin-Wu-Hausman test, since endogeneity reduces the efficiency of OLS estimators. 6 Endogeneity might arise due to the appearance of possible endogenous variables in the right-hand side of the equation, e.g., investment and government spending.
1 9 6 Second, we examine the impact of RER misalignment on export performance, as exchange rate misalignment has an adverse impact on the volume of exports and export diversification (Elbadawi et al., 2012) . Indeed, RER misalignment and particularly overvaluation hurt the competitiveness of exported goods. Following Elbadawi et al. (2012) and Nabli and Venganzones-Varoudakis (2002), we assess the export performance impact of RER misalignment by estimating using the following model:
Where.........is the export indicator, measured by the ratio of total exports to the GDP; ........is GDP per capita; TOT is terms of trade; INV is the domestic investment; EDU is the education attainment; FDI is the foreign direct investment; Oil is a dummy variable to capture the impact of oil on export performance, taking the value of 1 after oil exploitation (i.e., 1999) and zero otherwise; and EMIS is the RER misalignment (see Appendix I for definitions and sources of data). The estimation of the export model will also be performed via the cointegration and error correction model. 1 9 7 The study utilises the annual time series data covering the period 1979-2009. This period is selected because in 1979 Sudan's economy saw the start of exchange rate volatility in addition to economic instability. The period also guarantees the availability of data on the variables under study. The data used in the analysis are macroeconomic data obtained from, amongst others, the Central Bank of Sudan, the World Bank Development Indicators and the International Monetary Fund. The definitions and sources of the data used in the study are presented in Appendix I.
1 9 8 The summary statistics and correlation matrix for the variables used in the analysis are presented in Appendices III and IV, respectively. The results of summary 6 If the test indicates a symptom of endogeneity we will estimate the model using 2SLS and instrumental variables.
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statistics show that the standard deviation of the RER is 5.41, implying that Sudan's economy suffered from exchange rate volatility during the period under study. The results in Appendix IV indicate high correlations between some variables such as education and population growth; exports and investment; exports and openness; and exports and FDI.
Empirical results and discussions
RER misalignment
Before examining the exchange rate misalignment, we checked the time series properties of the RER and its fundamentals, employing unit root and cointegration tests. First, the order of integration for all variables is identified by applying DF-GLS and Kwiatkowski et al's 1992 KPSS tests for unit roots in the variables. 7 Since unit root tests are sensitive to lag length, we use the Akiake Information Criterion (AIC) to select the optimal lag length. The results of the unit root test for each variable with and without trend are presented in Table 1 (Appendix II). The results show that all the series are non-stationary at level. When taking the variables in their first difference, the results show that all variables are stationary at one per cent significance level, in both the DF-GLS and KPSS tests. Therefore, we can conclude that all the series are integrated of order one (i.e., I(1)). 1 9 9 Having identified the order of integration of the variables, the next step is to test whether a long-run relationship exists between the variables, by using the cointegration test. In addition, the cointegration analysis allows for the identification of the long-run determinants of the RER. Hence, the study employs the JohansenJuselius multivariate cointegration test. Before undertaking these tests, the relevant order of the vector autoregressive (VAR) model is specified. Since the sample size is relatively small, we select lag 1 for the order of the VAR, as suggested by Pesaran and Pesaran (1997) . The results of trace and maximum eigenvalue statistics obtained from the Johansen-Juselius (1990) (JJ) method using the assumption of a linear deterministic trend in the data are presented in Table 2 (see Appendix II). The results of the JJ multivariate cointegration tests indicate that under the trace statistics there are seven cointegration relations between the RER and its determinants. On the other hand, the maximum eigenvalue statistic shows five cointegration relationships. For consistency, therefore, we conclude that there is a long-run relationship between the RER and its major fundamentals in Sudanese economy.
200A fter establishing the long-run relationship between the variables, the cointegration equation can be used to identify the long-run coefficients of the RER, hence deriving the equilibrium RER. We normalised on the RER equation since this is where our focus lies. The results of the long-run cointegrating vector coefficients of RER are presented in Table 1 . 7 We used the KPSS and DF-GLS tests because they perform better in the case of a short data sample than the conventional unit root tests, such as Dickey Fuller (DF) and Philips Perron (PP).
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Real exchange rate misalignment and economic performance in Sudan Note: ***, ** and * indicate significance at the 1, 5 and 10 per cent levels respectively
The results reveal that all the estimated coefficients carry their expected signs, except that of trade openness and taxes. All the variables are also statistically significant except the terms of trade. The results indicate that in the long run, RER is influenced positively by the terms of trade and taxes. On the other hand, the economy's openness, productivity, government spending and NFI negatively influence the RER in the long run.
2 0 1 The results indicate that the terms of trade (TOT) have a positive impact on the RER, implying that an increase in the relative price of exported goods to imported goods leads to a depreciation of the RER. This finding supports many empirical studies (e.g., Baffes et al., 1997; Aguirre & Calderon, 2006; Elbadawi et al., 2012) . Unexpectedly, the coefficient of trade openness is negative, contradicting the results obtained by Elbadwai et al. (2012) . This result indicates that trade liberalisation and fewer trade restrictions appreciate the exchange rate in the long run. This result, however, corroborates the findings of some empirical studies, such as that by Nabli and Venganzones-Varoudakis (2002) , who found that trade restrictions in the MENA countries depreciate the exchange rate.
202T
he long-run results also show that the impact of government consumption on the RER is negative, confirming the findings of Aguirre and Calderon (2006) . This result indicates that an increase in government spending in Sudan depreciates the RER. Interestingly, the coefficients of productivity and NFI are negative, implying that the improvement of productivity and the increase in the net income from abroad have a depreciative effect on the RER in Sudan.
203Ha ving identified the long-run determinants of the RER, the next step is to use the Error Correction Model (ECM) to identify the short-run determinants of the RER. The ECM also allows for an examination of how fast the RER adjusts to changes in its underlying equilibrium. The results of the ECM analysis are presented in Table 2 . Note: ***, ** and * indicate significance at the 1, 5 and 10 per cent levels respectively ∆ indicates the first difference operator
The analysis shows that most of the variables bear the expected signs, and the findings fit well with existing literature on the RER. The coefficient of lagged dependent variable is positive, indicating that the short-run dynamics of the RER is positively influenced by the previous situation of the RER.
204S imilar to the long-run results, the short-run analysis indicates that the signs of productivity differentials, government expenditure and NFI are negative, as expected. Unlike the long-run analysis, the ECM results show that the coefficient of trade openness is positive, but not significant. This result contradicts the findings of Elbadawi et al. (2012) and Baffes et al. (1997) . Moreover, the ECT is found to be statistically significant, confirming the long-run findings. The coefficient of ECT implies that the long-run disequilibrium in the RER can be corrected each year by a proportion of about 25 per cent.
205A fter identifying the RER determinants, we proceed to compute the RER misalignment using equation (3). The actual RER series are generated through multiplication of the long-run parameters of Table 1 by sustainable values of the   42   127 Real exchange rate misalignment and economic performance in Sudan fundamentals obtained via the HP filter. The results of the RER misalignment are divided into three periods: 1979-1991, 1992-1998 and 1999-2009 (see Table 5 , Appendix II). The first period reflects the phase of state control policies; the second represents the economic liberalisation policies, and the third reflects the phase of the advent of oil. The results show that the RER was misaligned over the entire period of the study, with an average of 12 per cent, indicating that the Sudanese economy has experienced an overvalued RER for the past three decades. Over the three periods, we observe that the exchange rate overvaluation varies from one period to another, confirming the high standard deviation of the RER in Appendix IV. In the first period the RER misalignment accounted for 11.6 per cent on average, with the highest level of volatility; in the second period the RER reported a high rate of misalignment, reaching 14.7 per cent on average; and, interestingly, during the third period the RER misalignment indicator accounted for 9.4 per cent, with the lowest level of volatility only 0.6 per cent on average. This finding confirms the results of Elbadawi et al. (2012) who found that the RER in Sudan exhibited an overvaluation in the latter 1990s and early 2000s. This result mirrors the actual situation in Sudan; where the nominal exchange rate has reported remarkable stability in the last decade, owing to the huge surge of foreign exchange that accompanied the commercial exploitation of oil and the flow of FDI. Therefore, we conclude that during the entire period of the study , the Sudan economy experienced a substantial exchange rate misalignment, particularly as regards overvaluation.
Exchange rate misalignment and economic performance
To examine the impact of RER misalignment on economic performance, we estimated the models of economic growth and export, as represented in equations (4) and (5). Before estimating these equations, we checked the log-run relationship between the variables for each equation under investigation. The results of cointegration for economic growth and export equations are presented in Tables 3 and 4 (Appendix  II) . The results of cointegration for the growth model in Table 3 show that the trace statistics indicate seven cointegration relations while the maximum eigenvalue indicates six. The cointegration tests for exports model (Table 4) demonstrate four cointegration relations between the variables and exports by both trace statistics and maximum eigenvalue tests. Therefore, we estimated the model using both cointegration and ECM techniques. 8 The results of the long-and short-run analyses of the impact of exchange rate misalignment on economic growth are presented in Tables 3 and 4 , respectively. Note: ***, ** and * indicate significance at the 1, 5 and 10 per cent levels respectively
The results in Table 3 show that most of the variables carry their expected signs and fit with the theory, except for education. All the variables are statistically significant, except trade openness and education. These results indicate that economic growth in the long run is positively and significantly influenced by government spending, investment and population growth. Unexpectedly, the impact of human capital measured by education level is negative, but not significant. Importantly, the impact of exchange rate misalignment on economic growth is positive, but not significant, confirming the study by Aguirre and Calderon (2006) and MacDonald and Vieira (2010) . This implies that the diversion of the exchange rate from its equilibrium level does not play an important role in explaining growth in Sudan in the long run. This finding contradicts those of Elbadawi et al. (2012) , who found that exchange rate misalignment has a negative and significant impact on economic growth in SSA.
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The results of the short-run analysis indicate that all the variables carry their expected signs except trade openness. As suggested by the theory, government expenditure, domestic investment and education level positively affect the economic growth in Sudan. Similar to the long-run analysis, the misalignment index has a positive and insignificant effect. Since the exchange rate misalignment index shows signs of overvaluation during the period under study, we conclude that the exchange rate overvaluation has no significant impact on economic growth in Sudan. This result mirrors the actual situation in Sudan, as the economy during the last decade has witnessed a stable and positive growth rate, despite the exchange rate overvaluation, owing mainly to oil exportation. Finally, the error correction term is negative and significant, confirming the long-run findings.
206S econd, we examine the effect of the exchange rate misalignment on export performance through the estimation of equation (5) Note: ***, ** and * indicate significance at the 1, 5 and 10 per cent levels respectively
The results of the long-run analysis indicate that exports are affected positively by real GDP, investment, terms of trade and FDI. This implies that the domestic economic environment plays a significant role in encouraging exports in Sudan, in the long run. Unexpectedly, the coefficient of education is negative and significant in the long run. This finding could be explained by the fact that an improvement in education level pushes workers out of export sectors like agriculture, the leading sector in the economy. The impact of exchange rate misalignment on exports is found to be negative and significant, implying that misalignment of the RER discourages exports performances in Sudan. This result confirms many empirical studies on RER misalignment and export performance (e.g., Nabli & VenganzonesVaroudakis, 2002; Elbadawi et al., 2012) . 42 131 Real exchange rate misalignment and economic performance in Sudan The results of the ECM in Table 6 reveal that total exports are positively influenced by the GDP growth rate, domestic investment and human capital, as expected. In addition, the dummy variable of the advent of oil is found to be positive and significant, indicating that oil exploitation has had a positive impact on Sudanese exports. Interestingly, the sign of RER misalignment is negative and significant, confirming the long-run analysis. This finding implies that exchange rate misalignment has a detrimental impact on export performance, supporting most previous studies such as that of Elbadawi et al. (2012) and Nabli and Venganzones-Varoudakis (2002) . This also indicates that the exchange rate overvaluation over the past decades has had negative effects on Sudan's export performance.
Conclusion and policy implications
Over the past five decades, Sudan's economy has suffered continuous exchange rate volatility, accompanied by a remarkably disappointing economic performance. Therefore, this study aimed to measure the RER misalignment and to investigate its impact on economic performance during the period 1979-2009. To this end, the study used the cointegration and ECM to identify the determinants of equilibrium RER and examine the impact of RER misalignment on the economic growth and exports performance.
2 1 3 The empirical results show that the macroeconomic policy variables such as trade openness, taxes and government spending, play significant role in influencing the RER in both the short and the long run. The results also reveal that during the period under study, the Sudanese economy suffered from RER misalignment, particularly overvaluation. Specifically, when the economic liberalisation policy was in force (1992) (1993) (1994) (1995) (1996) (1997) (1998) (1999) , the exchange rate was highly overvalued with average of 14.7 per cent. In the period following the exploitation of the country's oil reserves, the exchange rate in Sudan experienced limited overvaluation with a low rate of volatility, at approximately 0.6 per cent.
2 1 4 Moreover, the empirical analysis shows that the RER misalignment has had no significant impact on economic growth in Sudan. On the other hand, the RER misalignment has had a negative and significant impact on export performance. Given the overvaluation trend of the RER in Sudan during the period under study, this finding implies that RER overvaluation is one of the factors wholly responsible for the dismal Sudanese export performance.
2 1 5 Based on the above findings, many policy implications can be drawn. First and foremost, policy makers should pay considerable attention to policy factors that misalign the RER in Sudan, such as trade openness, taxes and government expenditure. Thus, tightened fiscal and monetary policies, and adequate tariff policy should be implemented to maintain the exchange rate at a sustainable stable level. Regarding non-policy factors like productivity and terms of trade, they also need further efforts from policy makers through enhancing the growth of GDP along with export performance. Moreover, since the country is abundant with potential agricultural and mineral resources, further efforts should be made in terms of improving the exchange rate, so as to promote the competitiveness of commodities and to create a conducive investment environment which will attract foreign investors.
2 1 6 However, the following two limitations of the present analysis should be kept in mind when interpreting the results of the study: First, the unavailability of data for some variables posed a challenge in terms of the analysis -with information on some variables (e.g., human capital and productivity) not being available the author used proxies in order to avoid omitting them. Second, the specifications of the economic growth model is restricted to addressing the effect of RER misalignment, as was the case with previous studies such as those of Aguirre and Calderon (2006) and Elbadawi et al. (2012) . Nevertheless, the growth issue is controversial and may be explained by a huge set of variables, hence the evidence generated from the growth model should be interpreted with caution.
2 1 7 Finally, to enrich the evidence on the RER misalignment and its impact on the economic performance of Sudan, the study suggests several avenues for future research. First, it would be important to identify the channels through which RER misalignment affects economic indicators such as growth and export performance. 42 
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Real exchange rate misalignment and economic performance in Sudan Second, empirical studies need to be conducted to examine the impact of RER misalignment during the different sample periods had on economic performance. Finally, a study to investigate the impact of RER misalignment on private capital flow like FDI and capital flight would be both interesting and useful. Note 1 Productivity differential is usually measured by labour productivity of traded relative to non-traded sectors. However, due to the lack of availability of long data, we use the ratio of output per capita relative to the output per capita in the foreign country. Output per capita is proxied by the GDP per capita, and the output per capita of the foreign country is a trade-weighted average of GDP per capita of the domestic country's trading partners.
